High Intensity Focused Ultrasound (HIFU) shows considerable promise as a minimally-invasive technique for tumor ablation. A typical HIFU procedure involves focusing of acoustic energy in a small region, with the absorbed acoustic energy causing localized rise in tissue temperature. Temperature rise of the order of 40-60 o C is achieved within seconds, causing immediate cell necrosis in the targeted region.
INTRODUCTION
High Intensity Focused Ultrasound (HIFU) shows considerable promise as a minimally-invasive technique for tumor ablation. A typical HIFU procedure involves focusing of acoustic energy in a small region, with the absorbed acoustic energy causing localized rise in tissue temperature. Temperature rise of the order of 40-60 o C is achieved within seconds, causing immediate cell necrosis in the targeted region.
Tissue damage due to HIFU exposure is influenced by the presence of nearby structures such as bones and large blood vessels. Our previous mathematical studies showed that blood flow can significantly influence the ablation procedure if the target volume is located close to large blood vessels (Hariharan et al. (2007a,b) ).
In this study, the cooling effect of blood flow during HIFU ablation procedure is studied experimentally. Tissue mimicking materials were embedded with thermocouples and contained simulated vessels in the form of cylindrical voids Temperature rise during HIFU exposure was measured for different blood flow rates and vessel -beam distances. Finally, thermal dose, which quantifies the extent of tissue damage, was estimated from the transient temperature rise measurements.
METHODOLOGY
The HIFU sonications were performed on a hydrogel based tissuemimicking material (Dasgupta et al. 2007 ) embedded with a vessel of diameter 6 mm. The thermal and acoustic properties such as specific heat, conductivity and acoustic absorption closely matched those of the actual tissue. An array of thin wire chromega-constantine thermocouples were placed 2, 4 and 6 mm away from the vessel wall ( Fig 1A) . Figure 1 shows the schematic of the experimental setup.
Degassed water, whose thermal properties are same as that of blood, was circulated through the vessel with flow rates ranging from 0 to 600 ml/min. The focus of the transducer was made to coincide with the thermocouple junction located 2 mm from the vessel wall. The HIFU power level was varied from 5 W to 25 W. The transient temperature rise was recorded at each power level and flow rate. The experiments were repeated six times to confirm reproducibility of results. Figure 2A and 2B show the time trace of temperature profiles for different acoustic powers and flow rates. In the absence of blood flow, peak tissue temperature rise during HIFU heating is measured as 21 0 C and 43 0 C for 10 and 25 W, respectively. However, in the presence of fluid flow, temperature rise decreased with increase in flow rate. For 10 W acoustic power, peak temperature dropped by ~14% as the flow rate was increased from 0 to 600 ml/min. For 25 W acoustic power, a ~13% drop in tissue temperature is observed at 600 ml/min compared to no flow Figure 3 shows the thermal dose calculated at the thermocouple location 2 mm from the vessel wall. The acoustic power was 10 W and a range of flow rates were imposed. The thermal dose is seen to decrease with increasing flow rate, e.g. by about a factor of 10 in going from no flow to 400 ml/min. The consequence of the diminished thermal dose in the presence of blood flow is a smaller ablation volume for a HIFU procedure performed in the proximity of a large vessel
RESULTS AND DISCUSSION

CONCLUSION
This study confirms that blood flow through large blood vessels located near the HIFU beam can significantly reduce the efficacy of HIFU procedures. We have focused our studies on a blood vessel perpendicular to the HIFU beam. In future, investigations will be carried out to study cooling effects for other orientations.
